Selective laser sintering (SLS) is a type of laminating sintering technique, using CO 2 laser with (metal, polymer, and ceramic) powders. In this result, the flake SUS 316L was used to achieve a high porous product, and compare to spherical type. After SLS, the porosity of flake-type sample with 34% was quite higher than that of the spherical-type one that had only 11%. The surface roughness of the flake SLS sample were also investigated in both inner and surface parts. The results show that the deviation of the roughness of the surface part is about 64.40μm, while that of the internal one was about 117.65μm, which presents the containing of high porosity in the uneven surfaces. With the process using spherical powder, the sample was quite dense, however, some initial particles still remained as a result of less energy received at the beneath of the processing layer.
Introduction
Selective laser sintering (SLS) is one of the new rapid prototyping, tooling, and manufacturing technique with cost-efficient for a lot of applications such as automotive, aviation, mold, and machinery [1, 2] . SLS has now been become an effective method for fabricating a number of various complex shapes, on not only metals but also polymers and even ceramics [3] compared to other sintering methods [4, 5] . Additive manufacturing (AM) processes were initially proposed for producing prototypes, but in a few decades, their use changed and nowadays they are also employed for the fabrication of functional and structural parts for applying in industrial and medical fields. There are several processing methods belonging to the family of AM technologies. One of these processes is the selective laser sintering (SLS), which is based on local melting of a metal powder bed by a high power laser beam [6] [7] [8] [9] . The SLS process provides many advantages compared to conventional methods, low surface quality is one of the major drawbacks encountered in the process. Secondly, in spite of the fact that the process is capable of making almost fully dense (~98-99%) parts, little residual porosity may still be problematic for some applications where high strength and fatigue resistance are necessary. In the scope of this study, laser re-melting is employed during or after the SLS process to overcome these problems [10] . In this process, powders are fused by high power laser beam into a product that has been desired with a three-dimensional shape by using modeling software such as computer-aided design (CAD) model or scan data [11, 12] . Therefore, the powder is sintered layer by layer according to CAD model until the part build height is completed.
A number of grade powders have been used previously for manufacturing steel parts such as SUS 316 and 316L, 1080 steel by SLS process [13] . Usually in the SLS process, spherical powder has been used as a raw material to get the high surface roughness and high density. However, there are no results using non-spherical powders in the SLS technique to achieve the high porous product body.
The purpose of this paper is to present the results on the characteristics of the samples sintered by SLS printing process using flake and spherical types of the SUS 316L powders. Both power types were also compared in sinterability, porosity, and cross-section surface.
Experimental procedures
The SUS 316L powder with spherical and irregular shapes were used in this study. The composition of both types of SUS 316L powders is alike as displayed in Table 1 with the purity of 99.5% and supplied from Alfa Aesar. Particle size distribution of the powders was also investigated by particle size distribution (PSD) analysis. The powders were placed and sintered into the experimental apparatus of the SLS system (METALSYS 150) with the laser type of Yb fiber laser and laser wavelength of 1070 nm. The specimen was designed 10×10×10 mm 3 . The specimens were then analyzed by using field emission scanning electron microscope (FE-SEM -JEOL JSM 7500F) and optical microscopy (OM -Olympus PMG3). The Veeco Dektak 150 machine was carried out to examine the surface roughness of the SLS sample.
Results and discussion
The characteristics of the SUS 316L powders with the difference in shape are shown in Figure 1 . From Fig. 1(a) and (b) it can be seen that the non-spherical powder has the flake shape with the thickness of 0.75 μm, it could lead to the flowability of it during the SLS process under the effect of the laser beam. The average particle size measured by using particle size distribution (PSD) analysis was 72.89 μm. Fig. 1c and d show the morphology and particle size distribution of the spherical type powder. The average particle size was 31.55 μm. The differences about the size and shape of these powder somehow affects the sinterability of them and the quality of the final product. Fig. 2 shows the polished surface of the network structure SLS sample molded with epoxy. The black area is the epoxy and the gray one is SUS 316L metal. By SLS, the powder was rearranged and networked together under high energy density laser beam. The powder was melted and interparticular necks were formed. During SLS processing, the temperature reached over the powder meting point, but not long enough for making a denser structure before cooling down immediately. Therefore, the sample has high porosity of 34% with the density of 5.33g/cm 3 . After SLS, the initial flat and irregular powder was melted and its shape was transformed to round ones with the inter-particle connection. Furthermore, pores were also distributed quite homogeneously. I confirmed that it was possible laminated completely, but the fully dense sample is very difficult to be achieved.
The surface roughness of the non-spherical SLS sample investigated at the surface and internal parts are shown in Fig. 3 . The red color represents the "+" deviation, and blue one indicates the "-"deviation. The average deviation of the roughness of the surface part is about 64.40 μm, while the roughness of the internal was about 117.65 μm. In fact, the laser touches to the surface of the upper parts was easier than to the uneven surfaces. It leads to the containing of the more porosity in the uneven surfaces. Moreover, in the internal structure, the distribution of not laminated portions and an uneven surface roughness was observed frequently. Fig. 4 shows the polished cross-section surface of the SLS sample using spherical-type SUS 316L powder. The spherical Fig. 1 . The FE-SEM images and PSD analyses of (a) and (b) the as-received non-spherical, and (c) and (d) spherical powders, respectively shape have been commonly used to aid the flowability and reduce segregation, therefore, the sinterable and melting of particles were better than that of flat ones. The surface looks really dense with the distribution of small pores in the metal matrix. The density measured by Archimedes method was 7.12 g/cm 3 with the porosity of 11%. The main reason for the difference between the samples using non-spherical and spherical powders is that the spherical powder has higher rearrangeability and smaller particle size. Therefore, the spherical powder was able to be sintered quicker with greater densification than the flake one. Fig. 5 shows the fracture surface of spherical-type SLS sample. The initial spherical powder, which was mostly melted by high energy laser beam, could not be observed by FE-SEM. Moreover, this SLS process is pressureless, therefore, pores elimination carried out very slow. In addition, the melting time in the affected area is quite short leading to the existence of pores as seen in Fig. 5 . There are some small initial powders remained. This phenomenon is explained by the laser affected area. After processing one layer, another layer will be added on to the previous one. The powders at the beneath of the processing layer will be received less energy than the above ones as a result of unmelted particles.
Conclusion
The flake powder used sample has a porous structure with the porosity of 34%, while the spherical-type SLS one has only the porosity of 11%. After SLS processing, the initial flat and irregular powder was melted and its shape was transformed to round one with the interparticle connection. Many pores were observed in the non-spherical sample, which confirmed that the sample was laminated completely with a very porous metal body. For spherical powder, the initial shape was not observed after SLS, the sample was sintered well with dense in both cross-sectional and fractural surfaces. However, the tiny powders which were in the beneath of the processing layer were not melted and still in original shape.
